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the vicinity of a position for fixing Hie sample 41 to 
surround the sample 41 for absorbing secondary 



TRANSMISSION ELECTRON MICROSCOPE AND 
METHOD FOR PRODUCING THE SAMPLE 

(57) Abstract 

PURPOSE: To provide a focused ion beam apparatus, for 
producing a cross-section sample for a transmtesion 
electron microscope and a method for producing the 
sample Wherein a thickness of a worked surface of the 
sample for the transmission electron microscape can be 
quantitatively monitored to automatlcaliy detect a work 
finishing point with an optimum sample thickness and 
lurther uniftwmlty in tiiickness of a part being worked 
can be easfly determined. 

CONSTITUTION: A focused ion beam apparatus 
comprises a working chamber 60 with a cross-section 
sample 41 for a transmission electron microscope placed, 
an ion gun 10 for emitting an ion beam 1 1 to the sample 
41 placed in the working chamber 60. an electron gun 20 
for emitting an electron beam 21 to a worked part of thte 
sample 41 at an angle of approximately 90° with respect 
to the ion beam 11 emitted from the ion gun 10, a 
transmission electron detector 30 placed oppositely to 
the electron gun 20 for receiving the electron beam 
whteh has transmitted tivough the sample 41 to detect a 
current amount of the electron beam whiich has 
transmitted, and a low voltage electrode 50 placed in 



electrons 12 generated by the ton beam 11 and the 
electron beam 21. 
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(57) [gfi] 

®E£fi?:^ai-r5S«m^*ll±lS3 0 i> iiiBse*44 1 

^t^z-xm^f- 1 2 ^KHxr^siSMEmes o t-o^mwt 




It *® *^ 6 ^ § n -5 * > t' - A K jsf 0 r 6 0 a~ 9 

mi. 'ft>t^-AK:J:orMK||^tH^?r»<-rs 
ISi. S(ig2-Y:i->e-Ar?iK{t?:jl*^t*i6B!rieSe 

^©ttigi5{cm^i^-A;&ji*f-r^iai> friaiiiasf* 20 

ACC J: O ^2 L r ftniSPCDilS ©J4|-14^&Sffi-r sxg 
[0 00 1] 

mmm-mm-mmb, ls i 7-©^^® 
i,m&mirWimm«immmmmmM ^ > a^ 

C0002] 

im^omm] «ia, ls i y=^u:^<D^mit^Ls i 
«f4«)iitKf*i,\ L s I f^umm^mti^m 

-f';^©»*fflh5>i?;:^i»©';-i'©llHi?i:i3> ^^^c 
^a*?l^jac-r^H^B^Ri©ifffi*>. Lsi©tttgi6j± 
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(TEM) 

[ 0 0 0 3 ] 0. 2nmgSilO 

]Sl^)Btetl^iPfilii«B©*-Ct®*>il?l,»Sra^fj?tg?:* 

^M-e*€.ii|-©^S-cs>s. i/c, tS^^^|i|?:iliC» 
Sffl^JfiSt6-Cit«tl^-C^ 4©4>Sji^^^liii«/<:t^ -C 

i'OTtf ^-rif- (EPMA) mtOWL-^it-C 1 nm 
^©^P5^}»te-C©7«»«f*5BjSg-C4)0, flfe©5J*f 

:^©*rs«>^ffl»»?tg©m^ :t- t^x m^^*^j*T 

[0004] aiSmi^PiiS^tc J: SH^ifliifcw. 
ti>'m*i&i>, mmiCii, 5 00 nmWTSS©» 

mmum^'n^icitmi 1 0 0 n mt(TiigiE-e« 

[0 005 ] -m, L s I (omi&m^mmmmmm 
mmmti^&um <bfcmc, > t - a rsi^ 

tmrn^, m-^i^t^m ^)ii3t^^.LSI>'^•i' - >©e 

^©liHir^S^l^iUfcti^-CabO, StifflfbSnfcL S I 

i'h^?rs?iif «M{t©Dnxgi5©ag*5-rns 
m^mim-cit 1 y mWT©(4siia-ci$s@^?:» 

>t-Aj)nX-C«*ttS3!i5^pJti|-C4)0> J^-:535^©s«|!4»n 

x:^S*i|gai$nri,>&, 

[0 006 ] feiT> L S I 5^ 7-©HF^@Bif^©^«» 

/ha5©Kffi©SMmT-iiS[^^^»*f ^tf ^ fc*©3S 

[0 00 7 ] ( 1 - 1 ) iiSSjg^MffltfcU— !fv-;(7 
-*St^{**S'1'*>tr-A§^g^CCj:0. mAa.K.m 

2^2(c5A:gaw{cj;0v-+>y4 3^tf^. j&fe. 1$ 

S^/ha54 2*W-=<^>i^4 3©/c»©U— tf— 
1^^^{C> ■7-+>i/'tt#SSIt/hg|54 2*^6 2 0 ymfi 
^3 K:ot,»r«. fg©J)nxt?©{4giilg©*,-cW::^t t,^ 

sm^f^>iK^$it5 umi^j.rm&. msni-b umm 



(3) 

3 

g{c:;*C#3 1 0 yinSS©v-+>y;&iiJjn-r.Sicfc 

[0008 ] (1-2) mmiiotcitmArKDmm 

[0009 ] (1 -3) v-:^^>y?:##iCL,-C> i^-f 

mmomA i (Dgi^$fc«5j«T?:§TM-r6»fii<t¥tf 
^cffiso^cnccatti&ffi^stR-r^.o im4 lomm/ 

[0010] ( 1 - 4 ) UM4: 1 0wmttca^i-m>^^ 

■Ti^K. WetSMTOilEliSWeM? 1 <!:k:J:«)l^<S 
^/:»«T*#a-r€>^S»/hSP4 2tC*fO-C 1 0 umm 

i|sf4 l©i|ii«8 0 MmfggfC^f^, !S*J> CCtVOm 

mt. ttiswifejieoat^s- 1 5 umm&ommn 

^m^^i>. !^^a/hSI54 2 {cjfic^i*f44 1 ©-fflilffi-e* 

[00 11] ( 1 -5) 55*44 1%. 04 f tc^n-TJ:^ 30 
fc, ^Sa!t4Ng|54 2i!iie,m^lS*44 l®»]ffi-C*^« 
ffltt±if * Lri^^ci^W^ffi^iCc ty-C[i]lte:^f— y 7 
3±KHffiU. |5ieif^7'-<Xi7 7 2CCJ:I3SI^/^#T 

>7";bi^^'C>i^-Wm. S-r5~I0*tmOfF^tf 
4fflt.^r^«T/fiS^#Mg|5ffifi©i»$*5 2 0 ~3 0 /i m 

ffll»T^ff/tl^#ag|5©»ffltt±lf>&tf^, 
[00 12] (1 - 6 ) §iCf44 1 0^*f/SI^#MS|5^ 
*'Wc. 04g(C7i^TJ:^K. Miam^-^Sft^ffl^ •> 40 
asom?,. 

[00 13] ( 1 -7) -f:*->5 v^^/gafcjcows 
J:0-Y*>5 VV^t^ 5 00nmlitT©)13%ffS. 

[0014] ( 1 - 8 ) mmm^mimiiciiio^nA i 

©S!^«T?:if^. 

[0015] --Xic. nm¥2 - 1 3 2 3 4b^^m.^l^ 
^^w-b - 1 8 0 7 3 g-^s^gcdainsnrii-smm-Y 
t > tr- A^gK J; * jgJimT-^Si^ffii^f4©flDX:^a 
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il5SI©:&i£CCj:0, 05 a~S5 cfCS^-rJ:'5K, ^ 
mc-7-^y^4:'iT^ t^icUmA 1 ©^»T*tf ^. ii^> 

sccIEDrM^cli^ti^©||^/^^^#a^ii^:> 0 5 d 

jj^-r<fc^cc, j/'-fi/>i/vi^>©ilijililjgJf^3cj6 1 fc 

[00 17] (2-2) «m'f:l->t-A^g(Cj:OII 
^/»^#li01#SS^/J^g|54 2 ^ l^- A 

11?:> 05 e. 5 f (C7n-rJ:^(c> Kisf»ffi:/3l^<fc (J 

m-r*. c©Kg. m^-i-^i-^tf-Ai i«. « 05 g 

^^Mmmi. 8 2CC^;^jr^Sb. CO^«?:X 

mwh^A: 2<omm^hn^ct-cc(ow\'^^(ommit 

[00 18] ifete. *s-i'^>t-Ai na, 06 
(c) cc^T<fc^«:. jMnai}f5-c*o, ^nmmi'C)^b 
TSitKi^-Ajsw-rsi. gi:Biffl*iff6tiSct,^ ^ 

o-C, 06 (c) {C^-r<t^«C. 1*144 l?:§fSftS0 

b 4tf ^ 0 , -jsawtc « 3 ~ 5 gSS©<SI4-C 
Jjni*5tfbn-ci,»S. *;^<:, J|^©toi©|gK:«. WIS 
WCcJjni?r«»Tl/. J)DI?fJt»;?:«m-r:*->e-AfcJ:S 
2 ^^-f 2 ^>cm^^<^tl^> ^SMS^SRS^tcisi; 

AggT?{i^grtCcrii-?M*f{cJ; s 2yjm^^ 
[0019] ( 2 - 3 ) «^4 1 ©^«T/fil^#MSP^ 

tt3.Q»ccur. 05g{c^-rj:^tc. mi&m^m'^mm^ 

■vi^jL8 OCCteSo 

[0 02 0] (2-4) Sjim^MM«Cj;0stl44 1 
[002 1 ] mm'(':i->f-ASni©$?7.'SBli(T©* 
[0 02 2] (1) -r:t>tf-Afi5W«:J:orf#/E.n4 

2 2 -^xm^^vrnxmi^^mm^'iy 

1,^ ftlIS|J©/13%tl^<^*^6W»iL> JjOIit^T.-^^.*^ 

[0 02 3 ] (2) mm^^'^t'-AuaxtM^mm^ 

[0 024] (3) 1tig¥4-7 64 3 7^^^$B(C|g^ 
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[0025] 

y m -C* 9 , LSI (D^^mWiiWI^t 6 tclbOtaXK. 10 

[0 02 6] fif*o*m-Y*>t^-Ag?a{c<i:ssjam 

cDJcSttr, jl$-r:i->f-A(Dtr-A?s*sS/hri o 
©^)BS6«)'f^>t-AS(c!>D5;^cJ?), Hllt±-rEiSI 20 

«^-f:t>t-Aroii^«j]nii3^s:K:tf^fcji!). jjd 

'f^>f-A-CBrffiflnX;&tT^fc&. 06 (c) {c^j^-r 
J:^K:s?*4?:MM§#t:ttX-rS3!)5. *m'f^>t'-A 
e-^*^*- 6 fflx«tc»nx»rffi«^ffi(c>pt L T 
sa^jrEA^e-rntL-a:^, m«> »xffiMffl©fts 

*5 2gi«Mt/rt,>SJS^. ^ffi©Sgi3©i|iiKj(ttr3 
ymai5©{4S-C«J13« 1 0 0 nm©-rn*5*0-5. 
C OttH-CS^ffi 9 {C r JDXa5<Diti*i S^© 1 0 0 n m 30 
(fCmbfcm-^, «|f©*[6){Cj:or3 /im©^$-C«2 
0 0 nm©iiii4)L< «0 nm<f::rj:0> 5A:*sia< C tK:!& 
■S„ S$ 3 <im»L S I 7'>'-t-rx^j&®^ffi*:>e)©J13 
CCffl^rS. $/c, JnXg|5©iti*52 0 0nm-CB. 

mm^(D^^mmwLmi,mmv$)6. c^btcuaxm 
a^^istfe-c. bf}^i>±ii*^b<DWim'cmmti c i « 
titi^fcs!). sami^5ist«ffiKf4f^RS©fiE3;/]*«ffi< 

JSS. 40 
[0 02 7 ] «^^:t>fcr-AK:J;a)tlDXJfJt^;^J)nXif^ 

-AjjiiXim^-M^fil^^S^Stctf^fc*, ^©A 

n@x.^{cB#ra^^u. mx'^m^&<fj:?>, -mem 
xB#H« 3 ~ 5 B#H-c*s©tc*t bxmm^m^ •& t 

a^, ftm-ft^i^-ASiis-ciiiijKgm 
mms.omm'k'M'mtb. z-smowim^m^ifcn 

©1 . 5*^62fiSi;5:5o «*'f:*->e-AjjnXim^ 50 
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SiiS^^^rJSSCcn^ii^. «m'f:j->h'-A-C©f| 
ttlX©Bg«:, MQ (a) . (b) {C7n-rJ:^k:. m<D 
Ans^(cj:-5rflnx:)5»i6ifc^g*i*c> Ii^g|5©/i3 

J: H^ffiCc tb-i-r ttXgp^ffi© Ji $ (JiEiiaccM-C # 

■5. fiL> j)iixm»J©t(i^Sffi. t^;^(ittixM©sa::^ 
i6]{cst-r 5 ftSKHsji:^*^ 6 ©a^rifffiT 6 c i « 

Bl|-C$)0> gl^#SS|5©iEtt^j:)gJ»fffifi»-Ct^ct,^. 
ta^fS. SO^m-fsf^t^-Ajrai^rtf^lRCCB. «^ 

[0 0 2 8 ] mTt-AMIf««6?rm«ibfc««-Y^> 
b:-AggCCteliT> «*W:*->t-Aj)nX©*?7,'i^.© 

*iiBf*^iF-e- Ate J: Off ens 2;x^7-^^oa^-f 
n^m^, ^tymf)m^m^mmbxi.>?>m^iiht 

f - Ato*« -Y :t > b'- AR^(c i -3 -cis^-r 

2-Xm^<DtcA, ^^^b--AKJ:5 2;Xm^«t!^«-C 
tJJct^ fif^r. JJDXiH^i^rHNFWJ-Clr-r. JJDX 

j«T^^.?:a3aorj)DX-r5^*5^,5. jjDxa5±:)j*^6© 

l^©fc». }JDXffl©Sil*|S](cJsf-rSMtBiE{SKff 

[0 029] ^mu. ±ti(DjL^tj:Wmi:mmt^tc 
ibdc 3 nfc 4> ©-C , Sas-f ^Smffll«*4©MXffi© 
m 5 ^SfiWK -t 5f - U t:®^©i^i|£W 3 g S!l9^{C 

ts^ar^. gK:»nxtf«c»nxsi5©Jl3©i^-t4*iSMK: 

[0030] 

*'6^$nS'f:i->b-A{C*fLr6 0S~9 OSS 
mT- f - A ?:MWt * m^-lK^S i > S^^^iK^S^C^t 
Jll//i:m^b-A?:Sl:frajaL/fcm^-fcr-A©m«» 

i>m^m t ^mt 1 o^w^m 

[0 03 1 ] *l£?B(ci:ntf. ii^©B6^a. mifEjija 
tf- ASO'^T- b- a©M«k: J: L 2 ;^m^* 

®iix-rsm«5^s?:*ii-r^.s«*«2 ©sjimi^frtiS^ 
fflBTM^if4f^fiXffl«« ^ty b- Aggcc J: o r 3 

[0 032] *^wcc intf. i(a©BW«. m.Tmi- 
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[0 03 3] *^w{c intf « fra(DBW«. mMm^ 
«»(c J: sKffiH^^Tiii^si -r ^uni:mmm^^ lo 

A{Cj:orig{C||^M^?:S<-rSXg<!:> m^^t> 

a- A-cmmitimii)rj:i)i ^u.nomxmcm'i- br- a 

[0034] 

«-Yt>t^-Agg(cj:n«. ■<t>m^mi>cj:t)mm 20 

-f:j->t-A«:i*f4^ffi(c»u-rffi.«cDft]jSm)I> tf- 

xi?^a-r.s. -Y^^f-Ajrai^fc. n^-i^^iaccj: 
*)S:M<Dmm^E. t-Am«> tr-AS-rjniffi©ffi 
:t©fl:BfcmT-t'-A?:-f t>t:-A{c>FtL/-c6 oa~ 

l^-A>&^^^l^gK:J:^)SW. felffl^gKiO^jaL/t 
l|^^t'-A©€iJgffl?:*iaL/. SjH^-AOHilSfiiTlUii 

mxmjti,, 30 

[0 035] ft*J« 2<DMa^^S«SS[^ffl»tiiS?W^^ 
ffl»^-<:t>l^-A«g{Cj:4a[3:> ttS©iE©IIE3!HEn 

AOS n/cmffi^Kcc J: 15 is«i^{cjiw§ ntcmf^^ 

[0 03 6] 3 ©SfimT-iiffiiMSTffittW'P^S 

t-A{cJ:-5-rMfcm^M^*at< a^-r^i-Vf- 
AT»M^k*a!s?)!5: A56})DXSi5Km^ tf - A>&MWL , 

^©33it-Aom8sa%*iffiL. ^ati^cmssffljcs 

-it^friBi*f4©J)nXg[5»©/13©i^tt?rML, c© 
[0 03 7] ii3j?]14©Siam^m^ffl»rffiiSI4f'f^ 
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t;-A(cj:orMKtl^MJS?ra!< liS-Y:t>tf- 
[0038] 

3!)i6iftH^-rs. :mmmu. mMMir-mdkmmmom 
xm<om $ ^^fie<jf c * 3? - 0 t:s^©^if4ii 3 * e 
iftwjc^w-rt. M{cjni*fcj)nxgp©)i$©J^-tt*s 

[003 9] Sjimi=-iiia^fflBfffli«l44 

i?:iBgt-sj)nxs6 0i> Jjnxg6 0{ciea$nfcw 
144 uc'f:t>i^-Ai \^mmti>^:!>ci^m^mt\j 

>f-A 1 1 K*tL-Ci!i^9 0S©ftg-CKi^44 1 ©JraX 

^ 2 0 i , ft 2 0 {c^ptl^^ L r leg $ n^i-^irta 

jiji^^^a^ffl»riBlil»44 1 ?rSiat/cm^t^-A* 

sitTSjaufcs^f-A©mfiSss€:«ita-r**^tHf^e 
i L/T©«amT-tsitag3 0 4. wmui^a 1 ?r@s-r 

S{4g©fii*cci*f44 ii&Ht?ck^K:ieg$h> 
^>t-Ai iSiyfm^f-A2 iK:j:f3^a-ri)2;j>: 

ST- 1 2?:®iRU-CE5i!&:«l^-Amfife«*iSiIS-Ct 
[0 04 0]IW4 1«> Sml/)5:l->^«A?^(Cj:o 

>tr-Ai iRt>-m^tr-A2 i»-e<T,^*a7x^?^s 

^t6f*f)« 07KL!5:l,^2^;j-r*>«^WS*'5l<HS2;X 

m^m^mo: 0 -en^n©t^- A©jii*iiJ^©0t*;gi 
f^«Sa©ji3iimi^iiSS^ffl»fffis«4f'PfiS*ffi©JS5S0lI 

[ 0 0 4 1 ] ;X{C, »3}<S3Riyf4©Sjlli^illSaffl 

-urga©s^l4JlS*@Si)Wcc|^im-c*, MicttXtlJ 
{cftIXgp©il3 ©i^-tt*s«accfl»t-C t SSiim-^li 

[0042] LSI?--;':/41 ±©^^ h ^ Vi^X if ^ 

'^/hSP4 2 ©^Hccm^-f ^> i^- A^g*^i,>»iiSi 

m^MMhfcu—^-7-'i3-m<^j^^. 02a{c^-r«t 

St/hSP4 2*5v-+>i/4 3©/C(*©U— If— 
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iSjS(iIlKii-)i736 HCj:Otl^*/c[*^ff?:§faf 
[0 04 3] C©^. W»rffliL/r{3:. 02bJC7F-rJ: 

mti 1 0 o~2 0 0 /LtmiiiirS5<^Bi-rSo ii^'StctE 
GrMtci*i4©ll^/»«T#Sg|5*ffija^*. 02 dec 
^•rj;^{c, S{cy-ri/>yv^'>©iajiiii©i-^3t]6 20 

[0 044] mXbtcLS l^-j^%mM^t>i^-J>. 

•fmxtm. Ls I g^-vT-cifijgtw. ^rai»Tffi*i« 
« ^ > - A ^grt gi5©ii^ 2 0 (est t -cMisi-r 6 

*M»rffi©iii^fttinx^^f^. SMJ^^s nsaam 
^■cS)-5, c©»^'r:t>t-Ajnxcc^uT«. $-r 

l©»nX?rtf^. M«8 1 ©»I«gpgS«]CC^« 

[0045] -«W)5:Jni^B< ttIiimE2 5 ~3 0 
kV> Ga -fsJ-X^-A^rffll^ t'-ASa£2 0 0 0 p 
A?iSrS«i-rSi|tS»/hg|54 2tf>ib^ummtitc{iL 

ss/jNgq4 2*>e. 1 nmmtitcn&tvuaxti, mk:, 40 
tf- Amsg 1 0 0 p Am&v^Mm'hs^A: 2 ^^ty&g 

$-Cjn]Xt> Si|iJW{Ct-AmjJiESS[+pAgg©l:^-A 

vmxm<Di±±m'if'i, «m'f:t>i^-Ai 1 

t?>t. mmmmmibntj:\,><Dv. 1*144 i^tr-A 
^fr fcic; D r 3 ~ 5 gfigi^ L/ -c Jrax?: 'J , 
[0046] mms 1 ©snx^Tig. iBi«©:frfficc j; 0 
MJ^8 2©flnx?:tf^o MJIE8 2©»XKtet^r. »nx 

»fffi^c^^ssiL{cs^^t•-A2 i?:MS*u, 5iasf©»r® 50 
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/JDXSP?rMjiLfcMjimT-?:Sjill^«^ffill3 0 tcj: 0 

[0047] m^t^- A©JnijimE« 1 0 k vJii±«:s: 

«m^-f-Atil Mm©)l$*Sa-r«., C© 

m^^f-AMWtcjrofeitHsa o-csjam^*5«iw$n 

•5, «^lllS3 0iL/-C«> WSgrftlffljig©?! 

mT- b'- AMiJiE©g:^{c J: o r 7 r 5 7^- * fig 
ffl-cts. ^^tHg3 0^cE»smE•f>m^^b•-A©m 
jjg««^tfi § n s jSim^ 1^ - A mfficc IS D r fi^ icss 

M^i^-A^mSa, 3 b©J;^CC|lI-Mif4©t5 
H-C±T. £:6Ccaf^L, C©r5©Mjlb-AmiJS€t^ 
ffi-rSi, JDXS|5©J13A5i^-/c:iS^, SSctC^-TJ: 

^cc. j^-%isjfj*5ff as e> 3 f . R 

[0048] mm\^-Amm^tiii:mifjii)iibm^-<t 

>tf-AflnXKJ:0M1^8 2©»nx?:tf^. JOX^©/! 
3*5»<!tc.2>fconr2jfib--ASS6l*ilitt-rS, t^a 
$h*^jSb-AiljiEE©±ifln«:^t>#rm^^b--A2 i 
©JnamE^rSPiWCcTlf 2. i > la 3 h K^-r J: ^ «: . 

m^b'-A©S)aJ¥$4)T*5'5©-c. jiejccjnamE?: 

iiW-r^itJSiS b - A^SS^^tK J: o ■CJ)nXS|5©JlS © 
^^t*iE5t(c1^»]-C^^. ^";3>Wif4©Ji^> 

fes^^e- A 2 1 ©injimE^r 3 k VOTgmc^f 
2ijab-Amji£©fiir5 0 0-1 0 0 oAfie© 

ffluT^jims«©^#tiio?:m», snx^^T.'i^.i-r.s 
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©llifi«?!l?:^-r0-C*^. 
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